Materials and Methods
The ligand DTMA (1,4,7,10-tetrakis[(N-methylcarbamoyl) methyl]-1,4,7,10-tetraazacyclododecane) and its lanthanide complex YbDTMA(OTf) 3 was synthesised as previously described. 1 The complex was characterised by NMR, mass spectrometry and CHN analysis. NMR measurements were made using either a Bruker AVIII-500 ( 1 H = 500 MHz, 19 F = 470 MHz) or a Bruker AVIII-400 ( 1 H = 400 MHz, 19 F = 376 MHz). Wide spectral width spectra were obtained using pulses sufficiently short to ensure reasonably uniform excitation over the observed bandwidth, and with acquisition and recycle times matched to the relaxation characteristics of the lanthanide complexes (repetition time typically 100 ms). EXSY spectra were recorded at 500 MHz using a gradient selected NOESY sequence with a mixing time of 1 ms.
To obtain an equilibrium constant by 1 H NMR, 0.005M YbDTMA was titrated with 0.8M NaF in D 2 O at 298 K. A non-dilution method was used where 0.5 mL of the YbDTMA stock solution was put in an NMR tube and a solution of NaF made with the same stock solution was titrated in using a glass microliter syringe. The watersoluble standard DSS (4,4-dimethyl-4 -silapentane-1-sulfonic acid) was included to provide signals to integrate against. The delay time (d1) used was at least 5 times longer than the T1 of the slowest relaxing peak in order to make integration quantitative. Spectra were individually phased and baseline corrected before analysis.
The increasing signals of the fluoride-bound species and the decreasing signals of the original species were both monitored and averaged respectively to give two independent data sets. These were then fitted simultaneously in Dynafit 2 to give the association constant K using the equilibrium:
The following script was used in Dynafit:
[ Figure S4 . Binding isotherms and fits for titration of YbDTMA with NaF monitoring 1 H NMR integrals relative to DSS.
Equilibrium constant

EPR Spectroscopy 3
Samples for the EPR measurements were thoroughly degassed with at least three freeze-pump-thaw cycles and flame-sealed under vacuum. X-band CW-EPR data was collected on a Bruker BioSpin Premium EMX micro spectrometer and a Bruker BioSpin ElexSys E680 spectrometer with a Bruker SHQE-W TE 011 cylindrical mode cavity and Oxford Instruments ESR-900 cryostat. Data were acquired with a modulation amplitude of 8 G, time constant of 81.92 ms, sweep time of 2 min. The microwave power was adjusted so as to prevent saturation for each acquisition. Additional measurements at S-and Q-band, at the EPSRC National EPR Facility at the University of Manchester on Bruker Elexsys E580 and EMX spectrometers, were performed to confirm the effective g-values.
EPR simulations were performed in MATLAB TM with the EasySpin toolbox. 4 The sample temperature was included as a parameter in the simulations. The g-values were fitted to the experimental spectrum and the Yb hyperfine couplings used in the simulations were calculated from the g-value for the corresponding orientation according to the relationship A i ( 171 Yb) = [796 ± 2. Figure S6 .
and 0.7 FWHM) and A-strain (250 and 140 MHz FWHM). The simulation in red was performed by considering a distribution of g ⊥ -values in analogy to the simulation in
The best fit was obtained with g-values in the range from 3.2-2.5 and scaling by an amplitude Y at the corresponding field position X calculated according to Y(EPR a.u.)= -0.0182 (EPR a.u.) *X(mT)+ 5.4545 (EPR a.u.).
Computational details
Compound geometries were optimized with Density Functional Theory (DFT) using the B3LYP functional 6 with DFTD3 dispersion corrections, 7 the RIJCOSX approximation, 8 the ZORA relativistic treatment 9 and the SARC-def2-TZVP basis 10 as implemented in ORCA 3.0.2. 11 The Yb 3+ ions were replaced by the diamagnetic Lu 3+ ions to simplify the DFT convergence. The DTMA geometries were then symmetrized yielding four-fold symmetric structures. Ab initio calculations were performed using the CASSCF/RASSI/SINGLE_ANISO approach, 12 using MOLCAS 7.8. 13 For all calculations the Yb atom was treated with the ANO-RCC-VTZP basis, the N, O and F donors with the ANO-RCC-VDZP basis, while all other atoms were treated with treated with the ANO-RCC-VDZ basis.
14 The two electron integrals were Cholesky decomposed with the default thresholds. The 4f 13 configuration of Yb III was modelled with a complete active space of 13 electrons in 7 orbitals where the 7 doublets were included in the orbital optimization and then mixed by spin-orbit coupling. Simulation of the EPR spectra for the crystal field multiplets was performed with PHI, 15 using the crystal field decomposition from SINGLE_ANISO. Tables S3 and S5) , and therefore no transitions to these doublets would be expected at X-band (~0.3 cm -1 ). Furthermore, at the cryogenic temperatures at which the EPR spectra were collected, 5 and 9 K respectively, there is no population (< 0.0001 %) in the first excited doublets and therefore we do not observe any transitions from within these excited states. The Zeeman splitting (x and z orientations) and calculated EPR spectra based on the entire crystal field multiplet as determined through ab initio are shown below. These clearly show the same features as the experimental spectra, highlighting that the transitions arise from the ground Kramers doublet. Figure S8 . 
Computational results
